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CONDUCTIVE POLYMER BI^T«> AND A PROCESS FOR THE PREPARATION 
THEREOF 

Field of the iitvention 

The present invention relates to a conducting polyroer blend and to a process for the 
preparation thereof More particularly, the present invention relates to a conductive polymer 
blend of a major amount of a polyketone polymer and a substantially lesser amount of 
conducting additive. 
Background of the invention 

Electrically conductive materials are of major industrial as well as scientific interest 
owing to their wide applications in modem electronics and related areas. Conductive 
materials based on polymers are of even more interest A particular advantage of polymer 
based conducting materials is that they exhibit electromagnetic properties similar to metals 
and also retain their more desirable polymer properties, in particular physical and mechanical 
properties. Due to their ease of processingv the conducting materials based on polymers are 
ideal candidates for fiibrication of articles intended to ftcilxtate electrostatic discharge such as 
parts used in home appliances^ coxx^niters^ electronics, and electrical equqpment. 
Unfortunately, not all polym^s exhibit enough conductivity as required for some 
applications. Pob^tones for exanq>le are relatively recent high performance engineering 
thermoplastics with established utility in many technobgically attractive areas such as the 
automotive industry. Due to their excellent engineerixig properties, it woxsld be highly 
desirable to use materials based on polyketone pollers in a variety of other applications 
such as electronic instruments, parts of computers and other household appliances, AH these 
and similar supplications are expected to ficilitate electric discharge in order to prevent 
electric shock or sparking. A major disadvantage that results in the limited use of polyketone 
containing materials in such applications is that polyketones are relatively low conducting 
polymers with conductivities to the order of 10"*^ s/cm or less. 

Conducting polyketone materiato have been obtained in the prior art by means of 
blends containmg polyketone polymer and inorganic conductive additive such as carbon 
fiber, metal powder and the like (Byrd, US Patoxt 52^6335, to Shell Oil Conq>ai^). The 
preparation of polyketone containing cox^ucdng n:iaterlals using even che^xer conduaive 
additives would be a significant advance in the current state of the art 

The authors of the presem invendon have cozrprehensively investigated the possible 
use of a variety of simple conductive additive materials that can be used in low amoimts and 
still provide better conductive polyketone blends. 
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Objects of the invention 

The main object of the invention is to provide a conductive polymer blend cdnq)rising 
of pob^ketone polymer and a conducting organic polymer. 

It is another object of the invention to provide polyketone containing conducting 
materials using ine:Kpensive conductive additives tendering such blends more economical to 
manu&cture. 

Another object of the invention is to provide a process for the preparation of 
polyketone containing conductuog materials xssing inexpensive conductive additives. 
Summaiy of the invention 

The present mvention provides a conductive polymer blend conq>rising of 
polyketones and a conducting organic polymer additive. 

Accordingly^ the present invention provides a conductive polymer blend comprising 
of a major amount of a po^ketone polymer and a minor amount of a conducting organic 
polumer as additive* 

In one embodiment of the invention, the polyketone polymer is a linear ahemating 
polymer of carbon monooxide and at least one etbylenically unsaturated hydrocarboa 

In another embodimem of the invention, the polyketone polymer is a polymer of the 
genemi formula — [ — CO — (P — ) — ^In — [CO — (Q) — vsrhere n and m are both > 0 
and P and Q independently consist of unsaturated hydrocarbons selected from the group 
consisting of ethylene, propylene, styrene, hexene, 1 - butene and norboinadiene. 

In another embodiment of the invention, the conducting polymer additive is selected 
from the group consisting of substituted or unsubstituted potyanilines, polyacetylenes> 
polyvinylpyrrolidine, polyazinea, polythiophenes, polyphenylene sulfides and 
polyselenophenes. 

In a further embodiment of the inventbn, the conducting organic polymer is doped 
with onium salts, iodonlimi saks, borate salts, organic or inroganic acids or their saks. 

The present invention also relates to a process for the preparation of a conductive 
polymer blend conqprising of a major amount of pt)lyketone polymer and a minor amount of a 
conducting organic polymer addkive, said process contqprising incorporating the conducting 
material Into the polyketone matrix to unifomib^ difRise k thereinu 

In one embodiment of the inveotion, the blends are prepared by incorporating the 
conducting organic polymer additive by mek mixing or solution mixing. 

In one embodiment of the invention, the polyketone polymer is a linear akemating 
polymer of carbon monooxide and at least one ethylenicafty unsaturated hydrocarboiL 
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In another embodiment of the mvention, the polyketone polymer is a polymer of the 
general formula —[ -^O — (P —) —]n — [CO — (Q) —U where n and m 
and P and Q independently consist of unsaturated hydrocarbons selected from the group 
consisting of ethylene, propylene, styrene, hexenc, 1 - butene and norbomadiene. 

In another embodiment of the invention, the conductir^ polymer additive is selected 
from the groi^ consisting of substituted or unsubstituted polyanilincs, polyacetylenes, 
polyvinylpyiTolidine, polyazines, polythiophenes, polyphenylene sulfides and 
polyselenophenes* 

In a further embodiment of the invention, the conductuag organic polymer is doped 
with onium salts; iodonium sahs, borate salts, organic or inorganic acids or their salts. 
Detailed description of the invention 

The present invention provides a method for fte preparation of conducting polyketone 
blends consisting of a major amount of pcfyketone polymer and a minor amount of a 
conducting addhive, preferably a conducting organic polymer. 

The polyketone polymers enq[>loyed in the present invention are prefisrably linear 
alternating polymers of carbon monoxide with ethylenically unsaturated hydrocarbons and 
are represented by the general formula — [ — CO — (P — ) — — [CO — (Q) — }m vrfiere n 
and m are both > 0 and P and Q independently consist of unsaturated hydrocarbons. The 
ethylenically unsaturated hydrocarbons used may have upto 25 carbon atoms although those 
having less than 10 carbon atoms are preferred. Examples of such ethylenically unsaturated 
hydrocarbons include ethylene and other a-olefins such as propylene, 1 - butene, 1 - hexene, 
1 - dodecene, and the like. Also suitable are oth^ unsaturated hydrocarbons \^4iich have an 
aryl substituent on an otherwise alq>hatic molecule particularly, with an aliphatic or aryl 
substituent on the carbon atom of the ethylene unsaturation. Exanq)Ies of the latter class of 
ethylenically unsaturated hydrocarbons include styrene, 4 - methylstyrene, 4 - ethylstyrenc, 
and the like. Conqx>unds conq)rising one or more heteroatoros such as vinyl acetate, methyl 
methacrylate, acrylonitrile and the like may also be employed. When copolymers are 
en^byed, there is no third unsaturated hydrocarbon added. Examples of such polyketone 
polymers include (ethylene - CO)n> (propylene - CO) u, (styrene - CO) n and the like. 
Examples of preferred ter-polymers include [(ethylene-(CO)rt-(propylene - CO)J and the 
like. In case of ter-polymers, the individual — ( — P — CO — )— and — (—Q—CO — )— units 
may be randomly distributed throughout may be randomly distributed throughout the 
polymer chain and do not appear to influence the polymer properties to a considerable extent. 
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Such perfectly akemating polyketones can be prepared using documented literature 
procedures. For exarqplc, US Patent 4843144, which is incorporated herein by reference 
provides a method for the preparation of ahemating copolymers of carbon monoxide with at 
least one ethylenically unsaturated hydrocarbon by \jsing a catalyst based on Group VHI 
meta US Patent 4868282 vMch is also incorporated herein by reference, provides a method 
for i»btahilng altematmg ter-polymcrs by contacting carbon monoxide and etltylene fax 
presence of one or more ethylenically unsaturated hydrocarbons using Group Vm metal 
catalysts. 

The conductive additive employed is a conducting organic polymer. Variety of 
conducting organic polymers can be used as additives, such as polyanilmes, 
polyvinylphcnylenes, potythiophenes, po^elenophenes, polyacetylenes» polyasdnes, poly- 
henylsulfides, polypyrroles and the like. These polymers may be unsubstituted or substituted 
with a variety of groups. The conducting polymers employed may be doped with a variety of 
dopants such as onium sahs, io'donhun sahs, borate safts, organic or inorganic acids or their 
sahs. The doping specie is preferably enable of dissociating on the application of energy 
such as electromagnetic radiation, electron beam, electricity or heat. The dissociated specie 
further dopes the organic polymer to make it electrically conductive. 

An advantageous feature of this inventbn is that the conductive blends of pol}4cetone 
polymers arc obtained at conqparatively low loading of conductive additive. Thm is no real 
limit on the amount of conductive additive used an(lAi£SQi^>anr in a wule range according 
to specific needs: The potyketone blends contaiziing upto 70 % of conductive additive loading 
are preferred. — ^ .^^^^ 

The conductive polyketone blends of the invention can be prepared by any method 
capable of achieving imiform distribution of additive conductive material tiiroughout the 
polymer network. In one of the preferred methods, the conductive polyketone blends are 
prepared by dispersing the polyketone polymer and the additive conductive pofymer in an 
inert sohxnt such as m - cresol and then evaporating Hbd solvent or predpitating the blend by 
addition of yet another non-teacting solvent. In a fiirther f>refetred method the uniform 
mixture of polyketone and additive material is press cast in the desired shape. Yet another 
method to incorporate the conductive organic polymer additive into the polyketone polymer 
is by mek processfaig the desired amounts of polyketone polym^ and conductive additive. 

An advantageous feature of the invention, a wide variety of other additives such as 
colorants, stabilisers, antioxidants, fillers and the like may be used to improve the physical 
and mechanical properties of tlie conducting blends at any stage of their preparation and in 
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varied amounts depending on the desire of the user, without affecting the expected 
conductivity properties. 

The following examples are illustrative and should not be construed as limiting the 
scope of the invention in any manner. 
Example 1 

A linear alternating copolymer of ethylene and carbon monoxide was prepared as 
follows. A 600 ml copacity stainless steel reactor was charged with the folfowing: palladium 
acetate (15 mg); 1,3-bisdilphenylphosphinDpropane (dppp) (25,5 mg); p-tohienesulphonic 
acid (pTSA) (24.9 nig); methanol (200ml) (water content 800 ppm). The contents of the 
reactor were then flushed with nitrogen twice to ensure the removal of any undissolved 
oxygen and then heated under tow stirring speed to 90^C. After attainment of this 
tenq)erature, the autoclave was pressurised to 500 psig of ethylene - CO mixture (1:1) and 
the agitation was switched to 900 rpm. The co-poolymerisation reactor was then fed with 1:1 
mixture of CO and ethylene till the ^id of the reaction. The co-polymerisatbn was continued 
for 4.S hours. After that the reactor was cooled down to room tenoperature and the excess 
gases were vented o££ He polymer was obtained as -white insohible powder which was then 
filtered, washed with meethanol twice and dried under vacuum. Yield was 35 gnh The 
polymer sample had a melting poim of 255 **C, The intrinsic viscosity measure in m - cresol 
at BO^'C at a concentration of 0.5 gm/L was 0.95 dL/g. the copolytner as prepared was used for 
further studies. 
Example 2 

HCl doped polyaniline (PANI) was used as conductive additive noateriaL Two 
conductive conq;)05ition$ (15 and 5% of PANI) wore prepared by thoroughly mixing the 
requisite amounts of PANI and polykctone polymer. Contacted discs (1.8 cm in diameter 
and 0.25 mm in thicknc^) were prepared by compacting the mixture in a mould under 
pressure of 4 tons for 3 minutes. Sur&ce conductivity was measured using four probe method 
at room temperature. The conductivity of polyketones was less than 10"^^^ S/cm. The average 
values for conductivity of these two compositions wm as follows: 
Table 1: 



% Composition (by weight ) 


Conductivity 
S/cm 


Polyketone 


Polyaniline 
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1 




95 
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These results clearly indicate that the conductivity of the said polyketone blend 
increases with the amount of conducting additive and thus, materials with desired 
conductance can be prepared by adjusting the nature and amount of the conductive additive. 
Advantages of the invcsitioil 

1. Conductive po^ketone con^sitions containing organic polymer as the conducting 
additive prepared for the first time. 

2. The product is obtained economically since the cost of the conductive additive used is 
less than that of prior art additives. 

3. The conductivity level obtained is excellent even with substantially lower ik>adings of the 
conductive polymer additive. 



